Five male subjects performed three successive incremental work tests on an electronically braked cycle ergometer. The first and second tests were separated by thirty minutes of rest, the second and third by three minutes of maximum work. During the third test, venous blood lactate concentrations were still decreasing at work rates where they were increasing during the first two tests. The work rate at which rapid increases in lactate concentrations occurred during the final test coincided with the work rate where rapid increases occurred in the two initial tests. It was concluded that this point represented a threshold where a balance existed between removal and release of lactate from and into the plasma compartment, and did not coincide with the anaerobic threshold. It is postulated that steady state work at levels above this threshold would result in a continuous increase in venous lactate concentration.
INTRODUCTION
Maximum oxygen consumption (V02 max) has been accepted as a useful measure of endurance capacity in events where oxidative energy release predominates, Saltin and Astrand (1967) , Shephard, et al (1968) . Participating athletes vary in the percentage of V02 max which they are able to utilise, and train to increase this ability (Astrand and Rodahl 1977) .
Another measure which has been used as an index of endurance performance is the anaerobic threshold (AT).
When workload is incremented gradually during exercise, there is a stage at which activation of anaerobic metabolism is followed by release of lactate from the muscle into the blood, Gollnick and Hermanson (1973) . The onset of this process is termed the AT, and may be expressed as a percentage of V02 max, or as a work rate, at which it occurs. The AT has been defined as the level of work or V02 just below that at which metabolic acidosis occurs, Wasserman, et al (1973) . The AT may be determined by means of serial venous lactate measures and/or respiratory gas exchange during exercise (Wasserman, et al, 1973) , Davis, et al (1976) .
It has been noted that individuals may work for considerable periods (30 minutes or longer) at work rates above their AT (unpublished results) . It has also been demonstrated that lactic acid removal rates after high intensity work are increased with lower intensities of work during the recovery period (Belcastro and Bonen 1975) . Nagle, et al (1970) This study was designed to investigate the changes in AT and venous lactate levels during repeated incremental work tests before and after elevating blood lactate levels by means of high intensity exercise.
METHOD
Five male volunteers in good general health participated in the study. Their physical characteristics are shown in Table I . All of these subjects had undergone systematic training for at least sixth months prior to the investigation.
Respiratory gas samples were collected via a low resistance Hans Rudolph valve #2700 through a mixing chamber cooled by ice, and by means of a Tissot calibrated dry gas meter (Parkinson Cowan). Paramagnetic oxygen and infrared carbon-dioxide analysers continuously sampled expired air from the ice cooled mixing chamber at a rate of 1.25 L.min'1 and 1.00 L.min'1 respectively. The analysed sample of expired air was pumped back into the expired air volume. Each analyser was calibrated frequently with mixtures of chemically analysed gas. AT was calculated during each test using the method of Davis, et al (1976) .
All testing was done with the subject sitting in the upright position on a cycle ergometer (Siemens 380b).
The power output on this ergometer is constant and independent of pedalling speeds.
Venous blood samples were obtained from an antecubital vein through indwelling 19 gauge siliconised needles with 9 cm of tubing and a removable resealing 166 injection site (Abbott Laboratories). Where blood samples were obtained at longer intervals than one minute the cannula was kept patent with sterile heparinised saline (5000 lU/L.).
Prior to sampling venous blood for lactate determination approximately one millilitre of blood was withdrawn from the sampling site and discarded, a further 1.5-2 ml of blood were withdrawn using a clean syringe, and the contents were placed into a tube containing sodium fluoride and potassium oxalate. The tube was inverted several times and exactly one millilitre was pipetted into 10% perchloric acid, shaken vigorously and frozen. Duplicate blood lactates were analysed enzymatically (Calbiochem -Behring Corp.).
The experimental design and times of venous blood sampling are shown in Table 1 . Figure 1 , with each incremental work test shown separately. The mean AT's for each incremental work test as determined by the method of Davis, et al (1976) are presented in Figure 1 . The AT's as determined by respiratory gas analysis were similar in all three work tests.
During the first incremental work test, the greatest change in the rate of venous lactate accumulation occurred at a nett work rate of 140 watts. During the second test, where the initial lactate levels had not returned to the original resting levels, the work rate of 140 watts marked the time of change of decreasing to increasing venous lactate concentrations. This work rate was accepted as the anaerobic threshold, using the definition of AT as the work rate just below that at which lactate is released into the blood.
In the final test, venous lactate concentrations significantly (P < .01) decreased until these same work rates, and continued decreasing until a work rate of 260 watts. At work rates exceeding 260 watts the venous lactate concentrations increased in all three incremental tests. None of the subjects attained a plateau of oxygen + uptake during the three incremental work tests which were terminated at a rate which was insufficient to induce maximal oxygen uptake. Means and stardard errors were determined for blood lactate concentrations and a 't' test for related groups was used to test for significant differences.
DISCUSSION
The major finding of this study was that, during incremental work, a range of identical work rates was associated with changing concentrations, (either an increase or decrease) in venous lactate. The direction and magnitude of these changes depended upon the initial lactate concentration. During the incremental test with high initial concentrations, a reduction in lactate concentration occurred at levels far exceeding the AT. During this latter test a second threshold (AT2) was reached where lactate levels again increased significantly. Work rates exceeding this threshold during the first two tests were also associated with rapid lactate elevation. It is postulated that the range between the AT, and AT2 has predictive value for steady state work. Work rates below the AT will result in no increase in venous lactate; those in the range between the AT1 and AT2 will result in increases which will plateau; those higher than the AT2 will result in a continuous, work limiting increase, with no plateau. It is significant that Weiser, et al (1978) , using respiratory parameters for the determination of AT, found changes at two different work rates in some of their subjects.
Several authors McGrail, et al (1978) , Hermansen and Vaage, (1978) , Belcastro and Bonen, (1975) , Bonen and Belcastro, (1976) and Davies et al (1970) have shown a work-rate dependent removal of venous lactate during exercise at submaximal loads. Removal occurs primarily into skeletal muscle McGrail et al (1978) . A comparison of self-selected intensities of work and lactate removal rates has been made, Bonen and Belcastro, (1976) . Within limits, the removal rate of lactate increases with increasing exercise intensity. The present study found that at low work rates (50 watts) the rate of the removal of lactate was dependent on the initial lactate concentration. High initial concentrations resulted in significant increases in the rate of lactate removal.
A post-exercise increase in blood lactate during rest has been documented, Hermansen and Vaage (1977) , with peak concentration occurring approximately five minutes post exercise. This typical pattern occurred during the first two incremental tests of the present study. During the final test, no significant increase in post exercise blood lactate occurred. This may have been the result of prior equilibration of muscle and venous lactate concentrations. Lactate disappearance during recovery is far more rapid in muscle than blood, Hermansen and Vaage, (1977) , and an inward concentration gradient would have been established.
It was surprising that the percentage of oxygen in expired air followed exactly the same response pattern during the three tests. This has been used in the determination of the AT, (Davis, et al 1976) , on the basis of ventilation increasing out of proportion to oxygen uptake at the AT, due to the metabolic acidosis. However, a central hydrogen ion concentration respiratory stimulus to respiration at the AT has been queried by Bisgard et al, (1978) . They found no increase in the hydrogen concentration of cerebrospinal fluid in ponies during .different intensities of treadmill exercise while determining the AT. They concluded that the increase in ventilation was In association with the Comitato Olimpico Nazionale Italiano (CONI) the FMSI has set up various centres, clinics and laboratories throughout Italy.
The role of the Sports Doctor is now changing to a more positive role in prevention of injury and is no longer restricted to treatment of injuries. To facilitate this, the FMSI has succeeded in securing legislative measures empowering it to conduct medical checks on athletes, and is at present pressing for further legislation in order to conduct spot-checks whilst athletes are in training.
The FMSI organises and conducts seminars and congresses for trainers, coaches, physiotherapists and masseurs in order to ascertain a high level of training of these personnel who have direct contact with the athlete. Checks are also made on middle age non-competitive sportsmen in order to control and prevent accidents prevalent in that age group.
The FMSI also plays an important role in controlling the drug-taking abuses found in sport where in top class sport any means are resorted to in order to achieve victory. Doreen Camilleri
